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nvasive mechanical ventilation (IMV) is a lifesaving strategy for critically ill patients with coronavirus disease 2019 (COVID-19).
We aim to report the case series of critical patients receiving IMV in Wuhan and to discuss the timing of IMV in these patients.
METHODS: D
ata of 657 patients admitted to emergency intensive care unit of Zhongnan Hospital and isolated isolation wards ofWuhanUnion
Hospital from January 1 to March 10, 2020, were retrospectively reviewed. All medical records of 40 COVID-19 patients who re-
quired IMV were collected at different time points, including baseline (at admission), before receiving IMV, and before death or
hospital discharge.
RESULTS: A
mong 40 COVID-19 patients with IMV, 31 died, and 9 survived and was discharged. The median age was 70 years (interquartile
range [IQR], 62–76 years), and nonsurvivors were older than survivors. The median period from the noninvasive mechanic ven-
tilation (NIV) or high-flow nasal cannula oxygen therapy (HFNC) to intubation was 7 hours (IQR, 2–42 hours) in IMV survivors
and 54 hours (IQR, 28–143 hours) in IMV nonsurvivors. We observed that, when the time interval from NIV/HFNC to intubation
was less than 50 hours (about 2 calendar days), together with Acute Physiology and Chronic Health Evaluation II (APACHE II)
score of less than 10 or pneumonia severity index (PSI) score of less than 100, mortality can be reduced to 60% or less. Prolonged
interval fromNIV/HFNC to intubation and high levels of APACHE II and PSI before intubation were associated with higher mor-
tality in critically ill patients. Multiple organ damage was common among these nonsurvivors in the course of treatment.
CONCLUSION: E
arly initial intubation after NIV/HFNCmight have a beneficial effect in reducing mortality for critically ill patients meeting IMV
indication. Considering APACHE II and PSI scores might help physicians in decision making about timing of intubation for curb-
ing subsequent mortality. (J Trauma Acute Care Surg. 2020;89: 1092–1098. Copyright © 2020 Wolters Kluwer Health, Inc. All
rights reserved.)
LEVEL OF EVIDENCE: T
herapeutic, level V.
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I n December 2019, the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) was introduced, causing the clus-

tered cases of coronavirus disease 2019 (COVID-19) after the
outbreak of pneumonia in Wuhan, one of the largest cities in
the middle of China. Coronavirus disease 2019, characterized
by a range of respiratory symptoms, including fever, cough,
and moderate to severe pneumonia in most cases, was spread
from Wuhan to other parts of China.1–4 Coronavirus disease
2019 has become a global pandemic with more than 400,000
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people infected.5 Patients with mild or moderate pneumonia can
rapidly progress to severe or critical conditions in some cases. As
of March, 18, 2020, around 5% patients became critically ill and
4% died.6 The large number of critical patients presents challenges
for treatment and finding novel therapies to curb mortality.

Mechanical ventilation (MV) is the main supportive ther-
apy for critically ill patients with SARS-CoV-2 infection.2 A re-
cent study has reported that a proportion of 6.1% COVID-19
patients required MV; among them, 2.3% is considered intuba-
tion invasive mechanical ventilation (IMV).7 In another study
of 52 critically ill patients, 22 (42.3%) required IMV support,
and 19 (86.4%) of them died.3 To reduce mortality, it is critical
to explore the optimal time for intubation condition in these crit-
ically ill patients.

Here, we retrospectively reviewed 40 confirmed COVID-19
patients who required IMV during hospitalization. We aimed to
describe and provide a preliminary investigation on clinical in-
terventions and intubation condition to improve understanding
and clinical practice.
PATIENTS AND METHODS

Patients
The retrospective multicenter study enrolled 40 laboratory-

confirmed COVID-19 patients whowere critically ill and required
IMV for hypoxemic respiratory failure and acute respiratory distress
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syndrome (ARDS). All patients were admitted to emergency in-
tensive care unit in Zhongnan Hospital of Wuhan University
(China) and isolated intensive care unit of Wuhan Union Hospital
(China) from January 1 toMarch 10, 2020, andmet the definition
of SARS-CoV-2–induced pneumonia, according to World Health
Organization interim guidance.8 The patients who were in hospi-
tal as ofMarch 10, 2020, and coinfected with influenza, syncytial,
coxsackie viruses, and adenovirus were excluded from this study.
This study was approved by the Ethics Committee of Zhongnan
Hospital, Wuhan University, and in accordance with the 1964
Declaration of Helsinki and its later amendments. The require-
ment for informed consent waswaived because of the urgent need
to collect data on this emerging pathogen.

Definitions
We used the Berlin definition for ARDS, defined as the

development of acute, bilateral pulmonary infiltrates (as deter-
mined by consensus of two trained physician reviewers) and
hypoxemia (PaO2/FIO2, ≤300 mm Hg) not primarily due to
heart failure or volume overload.9 Endotracheal intubation was
considered in cases of a patient failed to maintain a PaO2/FIO2

level of >150 mm Hg and met conditions of respiratory rate of
≥30 breaths/min and SPO2 level of <90% despite optimal stan-
dard oxygen therapy or noninvasive ventilation (NIV).10 Once a
patient fulfilled these diagnostic criteria, the final decision for
intubation was made by the attending physician with consent
from patients' family members. Sepsis was diagnosed according
to the 2016 Third International Consensus Definition for Sepsis.4

Acute kidney injurywas defined according to theKDIGO clinical
practice guidelines.11 Acute cardiac injury (ACI) was diagnosed
if serum levels of cardiac biomarkers (e.g., high-sensitive cardiac
troponin I) were above the 99th percentile upper reference limit or
if new abnormalities were shown in electrocardiography and
echocardiography.4 Acute liver injury was considered as a patient
presented with symptoms suggestive of liver disorder (nausea,
vomiting abdominal pain, and/or jaundice) and had an increase
of more than two times the upper limit of the normal range in al-
anine aminotransferase (ALT).12 Secondary infection was diag-
nosed when patients showed clinical symptoms or signs of
pneumonia or bacteraemia and a positive culture of a new path-
ogen was obtained from lower respiratory tract specimens (qual-
ified sputum, endotracheal aspirate, or bronchoalveolar lavage
fluid) or blood samples after admission.4

According to the way of oxygen assistant, patients were
classified as noninvasive ventilation (NIV) patients, high-flow
nasal cannula oxygen therapy (HFNC) patients, IMV patients,
and extracorporeal membrane oxygenation (ECMO) patients ac-
cording to whether how the intubation was performed during
hospitalization.

Data Collection
All medical record information including epidemiological,

demographic, underlying comorbidities, physical examinations,
laboratory data, and respiratory and physiologic parameters while
receiving MV was obtained. Data were collected at different time
points, including baseline (at admission), before receiving NIV/
HFNC/IMV/ECMO, or hospital discharge/death. Subjects' sever-
ity of illness was evaluated at the same day of these time points by
using Acute Physiology and Chronic Health Evaluation II and
© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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pneumonia severity index (PSI) score. Causes of death in the sub-
jects were recorded.

Statistical Analysis
We divided the cohort into IMV survivor and IMV non-

survivor group. We summarized continuous variables as medians
with interquartile range (IQR) and categorical variables with n
(%). Since our study is a case series study, statistical comparison
is not necessary. The association of duration between NIMVand
IMV, PSI, and Acute Physiology and Chronic Health Evaluation
II with subsequent mortality was plotted with smoothing spline
by Generalized Additive Models. All analyses were performed
by using R software (version 3.6.1, The R Project for Statistical
Computing; http://www.r-project.org) and EmpowerStats (X&Y
Solutions, Inc., Boston, MA; http://www.empowerstats.com).
RESULTS

Clinical Features of COVID-19 Patients With IMV
at Hospital Admission

All included 657 COVID-19–diagnosed patients present-
ing to emergency intensive care unit of Zhongnan Hospital of
Wuhan University and isolation wards of Wuhan Union Hospi-
tal between January 1 to March 10, 2020, were retrospectively
reviewed. Among them, 40 patients who required IMV during
hospitalization were incorporated into this study. Baseline char-
acteristics of the enrolled patients were presented in Table 1.
Among these 40 patients, 31 (77.5%) died during the course
of the treatment, defined as IMV nonsurvivors. Nine (22.5%)
were hospital discharged, defined as IMV survivors. Themedian
age of the 40 patients was 70 years (IQR, 62–76 years). The age
of the IMV nonsurvivors (71 years; IQR, 66–78 years) was older
than that of the IMV survivors (50 years; IQR, 47–62; p < 0.001)
with slightly more female patients (56% vs. 19%). The three
most frequent comorbidities were hypertension (42%), followed
by coronary heart disease (25%) and diabetes (18%). The me-
dian period from the onset of symptom to intubationwas 14 days
(IQR, 10–15 days) in IMV survivors and 12 days (IQR, 8–17 days)
in IMV nonsurvivors. Six IMV survivors (67%) and 19 IMV
nonsurvivors (61%) showed an APACHE II score of between 8
and 15 at admission. The median PSI score was 78 (IQR, 75–95)
in IMV survivors and 98 (IQR, 85–118) in IMV nonsurvivors.
Higher levels of blood urea nitrogen (p = 0.033) and creatinine
(p = 0.061) were observed in the IMV nonsurvivor group at base-
line. Other laboratory findings at admission, including white blood
cell, neutrophil, lymphocyte, prothrombin time, D-dimer, lactate
dehydrogenase (LDH), ALT, C-reactive protein (CRP), creatine
kinase MB (CK-MB), and high-sensitivity troponin I were com-
parable between IMV survivor and IMV nonsurvivor (Table 1).
More than half of the patients exhibited decreased lymphocyte
count and increased D-dimer, LDH, CRP, and CK-MB at the
time of admission.

Clinical Features of COVID-19 Patients Before IMV
All enrolled 40 COVID-19 patients required ventilation

assistant like NIVor HFNC oxygen therapy at or following ad-
mission. As shown in Table 2, PaO2/FiO2 before intubation
was comparable between IMV survivor and IMV nonsurvivor
(73 vs. 81, p = 0.77). The median time from NIV or HFNC to
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TABLE 1. Clinical Characteristics of COVID-19 Patients with IMV at Admission

Total
(n = 40)

IMV Survivor
(n = 9)

IMV Nonsurvivor
(n = 31) p

Age, median (IQR), y 70 (62–74) 50 (47–62) 70 (66–77) <0.001

Sex 0.083

Female 11 (28%) 5 (56%) 6 (19%)

Male 29 (72%) 4 (44%) 25 (81%)

Comorbidities

Hypertension 17 (42%) 3 (33%) 14 (45%) 0.707

Diabetes 7 (18%) 2 (22%) 5 (16%) 0.645

Coronary heart disease 10 (25%) 1 (11%) 9 (29%) 0.404

Chronic pulmonary disease 1 (2%) 0 (0%) 1 (3%) >0.99

Chronic kidney disease 2 (5%) 0 (0%) 2 (6%) >0.99

Cerebrovascular disease 1 (2%) 0 (0%) 1 (3%) >0.99

Malignancy 2 (5%) 0 (0%) 2 (6%) >0.99

Duration from symptoms to hospital admission, median (IQR), d 8 (5–10) 10 (8–10) 7 (4–10) 0.08

Duration from symptoms to intubation, day, median (IQR) 12 (9–17) 14 (10–15) 12 (8–17) 0.649

ECMO 4 (10%) 3 (33%) 1 (3%) 0.03

APACHE II, median (IQR) 8 (8–11) 8 (8–10) 9 (8–12) 0.922

≤7 10 (25%) 2 (22%) 8 (26%)

8–15 25 (63%) 6 (67%) 19 (61%)

≥16 5 (13%) 1 (11%) 4 (13%)

PSI score, median (IQR) 92 (80–117) 78 (75–95) 98 (85–118) 0.06

≤70 3 (8%) 2 (22%) 1 (3%)

71–90 16 (40%) 4 (44%) 12 (39%)

91–130 14 (35%) 2 (22%) 12 (39%)

≥131 7 (18%) 1 (11%) 6 (19%)

Empiric systemic glucocorticoid therapy 33 (82%) 7 (78%) 26 (84%) 0.645

Outcome/complication

Sepsis 27 (68%) 3 (33%) 24 (77%) 0.038

AKI 24 (60%) 0 (0%) 24 (77%) <0.001

ACI 17 (43%) 1 (11%) 16 (52%) <0.001

ALI 20 (50%) 1 (11%) 19 (61%) 0.02

Second infection 24 (60%) 0 (0%) 24 (77%) <0.001

Laboratory findings at admission, median (IQR)

WBC count, �109/L 7.30 (4.61–11.42) 5.62 (2.93–9.31) 7.30 (5.11–11.42) 0.421

>9.5 12 (30%) 2 (22%) 10 (32%)

Neutrophil count, �109/L 6.48 (3.24–9.75) 4.52 (1.88–8.76) 6.48 (3.88–9.75) 0.296

>6.3 20 (50%) 4 (44%) 16 (52%)

Lymphocyte count, �109/L 0.58 (0.36–0.87) 0.60 (0.40–0.81) 0.58 (0.36–0.95) 0.983

<1.1 34 (85%) 8 (89%) 26 (84%)

PT, s 13 (12–15) 13 (12–16) 14 (12–15) 0.639

>16 9 (23%) 2 (22%) 7 (23%)

D-dimer, ng/L 636 (254–2,000) 500 (156–2,953) 785 (260–2,000) 0.56

>500 21 (53%) 4 (44%) 17 (55%)

LDH, U/L 477 (329–637) 440 (232–696) 477 (337–595) >0.99

>245 33 (83%) 5 (55%) 28 (90%)

ALT, U/L 32 (21–48) 24 (20–46) 38 (21–48) 0.674

>40 12 (30%) 3 (38%) 9 (29%)

BUN, mmol/L 6.8 (4.7–10.3) 4.9 (4.5–6.3) 8.7 (5.0–11.5) 0.033

>8.2 16 (40%) 0 (0%) 16 (52%)

Cr, μmol/L 86 (68–104) 77 (63–87) 88 (75–125) 0.061

>90 17 (43%) 2 (22%) 15 (48%)

CRP, mg/L 143 (69–171) 68 (17–151) 149 (112–171) 0.191

>10 38 (95%) 7 (78%) 31 (100%)

Continued next page
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TABLE 1. (Continued)

Total
(n = 40)

IMV Survivor
(n = 9)

IMV Nonsurvivor
(n = 31) p

CK-MB, U/L 12.3 (0.8–18.0) 10.5 (7.7–17.0) 14.0 (0.7–18.0) >0.99

>6.6 25 (63%) 6 (67%) 19 (61%)

HsTNI, ng/mL 21.5 (8.8–47.9) 11.0 (10.5–33.5) 21.6 (7.2–71.6) 0.939

>26.2 16 (40%) 3 (33%) 13 (42%)

ALI, acute liver injury; AKI, acute kidney injury; WBC, white blood cell; PT, prothrombin time; BUN, blood urea nitrogen; Cr, creatinine; HsTNI, high-sensitivity troponin I.
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intubation was 7 hours (IQR, 2–42 hours) for IMV survivors
with lower APACHE II and PSI scores (APACHE II median,
10 [IQR, 9–14]; PSI score median, 98 [IQR, 85–112]) before
IMV (Table 2, Fig. 1), while the median time from NIVor HFNC
TABLE 2. Clinical Characteristics of COVID-19 Patients Before IMV

Total
(n = 40)

Duration from NIV/HFSC to IMV, median (IQR), h 46 (22–90)

APACHE II, median (IQR) 14 (10–16)

≤7 1 (3%)

8–15 27 (68%)

≥16 12 (30%)

PSI score, median (IQR) 112 (104–126)

≤70 2 (5%)

71–90 2 (5%)

91–130 28 (70%)

≥131 8 (20%)

PaO2/FiO2 before IMV, median (IQR), mm Hg 79 (64–98)

Laboratory findings before IMV, median (IQR)

WBC count, �109/L 9.57 (7.55–13.40)

>9.5 19 (48%)

Neutrophil count, �109/L 8.78 (7.00–12.55)

>6.3 33 (84%)

Lymphocyte count, �109/L 0.44 (0.30–0.76)

<1.1 34 (85%)

PT, s 14 (12–17)

>16 13 (33%)

D-dimer, ng/L 2,000 (1,123–3,296)

>500 32 (80%)

LDH, U/L 466 (404–651)

>245 39 (98%)

ALT, U/L 39 (20–67)

>40 17 (43%)

BUN, mmol/L 6.7 (4.8–10.9)

>8.2 13 (33%)

Cr, μmol/L 68 (60–98)

>90 9 (23%)

CRP, mg/L 143 (78–179)

>10 40 (100%)

CK-MB, U/L 3.0 (0.6–14.2)

>6.6 14 (35%)

HsTNI, ng/mL 33.6 (9.4–127.6)

>26.2 18 (45%)

HFSC, high-flow nasal cannula oxygen therapy; WBC, white blood cell; PT, prothrombin tim
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to intubation for IMV nonsurvivors showed a longer duration
(54 hours; IQR 28–143 hours). Similar laboratory findings, such
as white blood cell, neutrophil, lymphocyte, PT, D-dimer, LDH,
ALT, CRP, CK-MB, and troponin I, were observed between these
IMV Survivor
(n = 9)

IMV Nonsurvivor
(n = 31) p

7 (2–42) 54 (28–143) 0.008

10 (9–14) 14 (12–16) 0.032

0 (0%) 1 (3%)

8 (89%) 19 (61%)

1 (11%) 11 (35%)

98 (85–112) 116 (108–126) 0.028

1 (11%) 1 (3%)

2 (22%) 0

5 (56%) 23 (74%)

1 (11%) 7 (23%)

73 (65–98) 81 (64–98) 0.77

8.65 (8.11–10.44) 10.19 (7.25–14.26) 0.543

3 (33%) 16 (52%)

7.95 (7.03–9.75) 9.04 (6.76–13.14) 0.567

8 (100%) 25 (81%)

0.33 (0.28–0.51) 0.47 (0.30–0.76) 0.252

8 (100%) 26 (84%)

16 (14–17) 14 (12–17) 0.599

3 (33%) 10 (32%)

786 (207–6,687) 2,000 (1,402–3,270) 0.26

5 (56%) 27 (87%)

397 (388–513) 489 (435–651) 0.25

9 (100%) 30 (97%)

27 (21–48) 40 (18–77) 0.465

3 (33%) 14 (45%)

4.9 (3.6–6.3) 7.3 (5.1–11.9) 0.02

0 (0%) 13 (42%)

63 (54–67) 72 (62–107) 0.096

0 (0%) 9 (29%)

206 (115–237) 132 (83–168) 0.594

9 (100%) 31 (100%)

3.3 (0.3–7.2) 3.0 (0.8–16.7) 0.51

3 (33%) 11 (35%)

19.5 (7.8–75.6) 48.3 (10.5–138.3) 0.377

2 (22%) 16 (52%)

e; BUN, blood urea nitrogen; Cr, creatinine; HsTNI, high-sensitivity troponin I.
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Figure 1. Clinical courses of ventilation and complications from admission in patients hospitalized with COVID-19. Figure shows
median duration of hospital stay, ventilation, onset of complications, and outcomes. ALI, acute liver injury; AKI, acute kidney injury.
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Volume 89, Number 6
two groups except for blood urea nitrogen and troponin I, which
have levels higher in IMV nonsurvivor group (Table 2). Compared
with these indicators at the time of admission, lymphocyte count
and D-dimer showed more worse changes at the time before IMV.

We further plotted the smoothing splines to present the
association of time interval between NIV/HFNC and IMV,
APACHE II score, and PSI score before IMV with mortality.
The mortality tends to increase with the prolonged time interval
between NIV/HFNC and IMVas well as increased APACHE II
and PSI scores and reached a high plateau (Fig. 2). We observed
that less than 50 hours (about 2 days) of NIVand IMV interval,
APACHE II score of <10, and PSI score of <100 correspond to
the mortality below 60%.

A Case Report of Four COVID-19 Patients With
ECMO

Among the four patients who received ECMOduring hos-
pitalization, three (75%) of them were relieved and discharged,
while one was dead. Clinical characteristics of the four patients
were presented in Supplementary Digital Content (Supplemen-
tary Table 1, http://links.lww.com/TA/B801). The age of the four
ECMO patients was ranged from 45 to 72 years. Two of them
had underlying disease. One survivor had diabetes and hyperten-
sion, and the one nonsurvivor had coronary heart disease. From
Figure 2. Smoothing splines present the association of (A) time interv
before IMV with mortality. The red line indicates the estimated morta
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the three ECMO survivors, the period from a cluster of symptoms
emerging to hospital admission was 8 to 14 days. Two patients re-
quired intubation once hospitalized; one of them received ECMO
therapy simultaneously with IMV. The third ECMO survivor re-
quired ECMO 7 days later of IMV support. All these three patients
were discharged after 27 to 62 days of hospitalization and had ele-
vated APACHE II and PSI scores before ECMO therapy (Fig. 3).
For the ECMO nonsurvivor, the time from symptom initiation to
NIV was 13 days. Acute liver injury was observed on day 10 after
symptom onset. Sepsis was developed during the period of NIVac-
companied by an elevated APACHE II and PSI scores of 12 and
149, respectively. Invasivemechanical ventilation and ECMOwere
performed after 4 days of NIV. Following this, this patient was
attacked by secondary infections (Acinetobacter baumannii and
fungal) and ACI. Finally, she died from cardiac arrest and multiple
organ dysfunction syndrome.

DISCUSSION

In the current study, we described the clinical features and
courses of 40 critically ill COVID-19 patients who required IMV
during hospitalization. The clinical characteristics of these pa-
tients are very similar to those reported in previous studies.3,13

The most common symptoms were fever, dry cough, and
al from NIV/HFNC to IMV, (B) APACHE II score, and (C) PSI score
lity, and the blue dot line indicates 95% confidence intervals.

© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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Figure 3. Clinical courses of four critical patients with COVID-19 receiving ECMO. ALI, acute liver injury; A, APACHE II; P, PSI.
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difficulty breathing, followed by sputum, fatigue, myalgia, and
expectoration (data not shown). The age of IMV nonsurvivors
was older, and the mortality rate was highly influenced by their
predisposition multiple underlying health conditions. We ob-
served that, when the time interval from NIV/HFNC to intuba-
tion was less than 50 hours (about 2 calendar days), together
with APACHE II score of less than 10 or PSI score of less than
100, mortality can be reduced to 60% or less, supporting that
early tracheal intubation in reducing mortality is very crucial
(Fig. 2).

The lungs are the organs most affected by SARS-CoV-2
because coronavirus enters into host cells via the angiotensin-
converting enzyme 2, which is most abundant in the type II
alveolar cells of the lungs.14 The pathological findings of a
50-year-old COVID-19 patient indicated bilateral diffuse alveolar
damage with cellular fibromyxoid exudates.15 This pathological
process produces exudates and hyaline membrane formation in
the alveoli, which precipitates lung ventilatory dysfunction, indic-
ative of ARDS.16 Notably, this is a gradual and progressive pro-
cess. In the initial stage of hyaline membrane formation in the
alveoli, the peripheral oxygen saturation level was maintained
for 90% with high-flow oxygen or NIV due to the compensatory
lung function. The oxygen-saturation phenomenon becomes de-
ceptive during this period when the pathological changes may
already occur. In further progression of hyaline membrane for-
mation and diffuse alveolar damage, mild activity of patient is
accompanied by large increases in oxygen consumption with a
sudden decline in oxygen saturation level. During the patients'
clinical and therapeutic course, we observed that the oxygen sat-
uration level suddenly decreased from 90% to below 80%, ac-
companied by polypnea, cyanosis of lips, and dyspnea, even
after a very mild activity (e.g., going to the toilet) in some cases.
If oxygen saturation level remains below 90%with NIV, we usu-
ally performed intubation at this stage.

It is noteworthy that the cause of death is not only pulmo-
nary failure. Among 31 IMV nonsurvivors in the present study,
we found high rates of sepsis (77%), acute kidney injury (77%),
ACI (52%), AHI (61%), and secondary opportunistic infection
(77%), suggesting that multiple organ failure is common among
these patients. This finding is consistent with a previous report
thatmore than half of their nonsurvivorswith SARS-CoV-2 infection
© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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developed sepsis and multiorgan dysfunction.13 According to
the Chinese management guideline for COVID-19 (version 7.0),17

the IMV performance is primarily based on the respiratory function.
We observed comparable PaO2/FiO2 before intubation between
IMV survivor and nonsurvivor, indicating similar pulmonal in-
flammation and injure between these two groups. However,
IMV nonsurvivor group showed higher PSI and APACHE II
scores, which may be explained by more serious multiorgan
damage in IMV nonsurvivor. Multiorgan damage is important
to be sustainably monitored in the course of COVID-19 in criti-
cally ill patients. Two aspects should be included in the assess-
ment for severe pneumonia: the severity of pneumonia itself
and the assessment of organ damage.18 The PSI and APACHE
II scores were assessed together in our study presenting as good
evaluation indicators for these two aspects. We found a positive
association of preintubation APACHE II and PSI scores with
subsequent mortality (Fig. 2). Therefore, we suggested that
APACHE II (presenting multiple organ state) and PSI (present-
ing pulmonary inflammatory state) should be considered in
evaluating the timing of IMV in clinical practice.

In the present study, we retrospectively analyzed the clin-
ical course of four IMV patients with ECMO therapy, and the
cure rate was 75% (3 of 4 patients). As an extracorporeal life
support therapy, ECMO has been increasingly used in circula-
tory or respiratory support for critically ill patients during the
past decade.19,20 Extracorporeal membrane oxygenation main-
tains adequate gas exchange and acts as a lung protective venti-
lation strategy, which allows lung to be rest and recovered to
rescue patients with ARDS.19–22 In Chinese management guide-
line for COVID-19 (version 7.0),17 ECMO has been considered
as a treatment option in salvage setting for severe ARDS. Ac-
cording to the data in our present study, ECMO introducing is
recommended before multiorgan dysfunction develops. How-
ever, because of the limited sample size in our study, further ev-
idence is necessary and critical.

Our study has several limitations. First, the retrospective
nature of the study and the missing data, such as PaO2/FiO2 data
at admission, do not allow us to present more evidence to make
our conclusion more reliable. Prospective controlled study is
necessary to be incorporated. Second, the small case series with
only four patients received ECMO-precluded reliable conclusions
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on the timing of use, cure rates, and complications of ECMO.
Third, we cannot exclude the residual confounding and potential
bias because of the observational nature of the study.

In conclusion, our study suggested that the decision on the
timing of IMVmight include APACHE II and PSI scores as aux-
iliary references (albeit the PaO2/FiO2 level is ≥150 or oxygen
saturation level is ≥90% during the period). Although we know
that initiation of intubation after NIV/HFNC as early as possible
allows lung for resting and contributes to gain more time for fur-
ther ARDS treatment, we are focusing more on the timing of
IMV, and it needs more considerable attention.
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